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PREFACE
The ob;]ect of this paper is to show some of the uses
and applications of transistors at the present time. The
laboratory work and a great part of the research to writ-
ing this thesis was done at the Federal Telecommunications
Laboratory at Nutley, New Jersey. The writer wishes to ex-
press his thanks to those officials of FTL and more particu-
larly to Mr. Don D. G-reig, Mr. Arnold Levine and Mr. Sidney
Moskowitz who made it possible for him to work with this
group. He desires to express his sincere appreciation to
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This paper will first present a general discussion on
transistors dealing briefly with the physical and electrical
properties. The equivalent circuits of a transistor will be
shown and an analogy drawn with vacuum tube triode ampli-
fiers. The circuit and data of a blocking oscillator using
a transistor, will be discussed and waveforms shown. This
circuit can possibly be used in a modulator for portable
equipment as soon as quality control of transistor manufac-
ture is attained. Next oscillators will be discussed, to
be followed by high frequency operation of amplifiers.
2. G-eneral discussion and theory of transistors.
The transistor is a three-element electronic device which
utilizes a newly-discovered principle involving a semi-con-
ductor as the basic element . The device consists of three
electrodes placed on a block of germanium. Two, called the
"emitter" and "collector" are of the point-contact, rectifier
type and are placed in close proximity (approximately .001 to
.002 in.) on the upper surface. The third is a large area
low resistance contact on the underside of the germanium
block. The germanium is prepared in the same way as that
used for high back-voltage rectifiers. Each point contact,
when connected separately with the base electrode, has char-
acteristics similar to those of the high back-voltage recti-
fier.

When the two point contacts are placed close together
on the surface and DC bias potentials are applied there is
a mutual influence which causes the transistor to exhibit
amplifying properties.
The action of the transistor can be explained in terms
2
of current flow in semi-conductors. There are two types of
current flow in semi-conductors, the "N** type and the *'P"
type. In the *'N" type the current consists of flow of elec-
tron charge; in the "P" type the current consists of flow of
virtual positive charge {image of electrons).
The physics involved in the two types of conduction may
be understood by considering a typical semi-conductor such as
silicon. Each silicon atom has four valence electrons. Pairs
of silicon atoms form bonds, each atom contributing its four
valence electrons, to complete the bond. If an impurity such
as phosphorous, with five valence electrons, is introduced in-
to the silicon, the phosphorous atoms will form bonds with the
silicon atoms. But the silicon-phosphorous bonds differ from
the silicon-silicon bonds inasmuch as there is one excess
(free) electron contributed by each bond. These free electrons
contribute to current flow in much the same manner as current
flow in metals. This is "N" type of conduction as defined
above.
"P" type of conduction can be obtained by introducing an
impurity like boron (three valence electrons per atom) into
silicon. In this case the silicon and boron atoms form incom-
plete bonds for one electron must be added. This hole in the

bond can be filled from an electron from an adjacent sili-
con atom when the semi-conductor is sub;5ected to the in-
fluence of an external magnetic field. This in turn leaves
a hole and the passing of this hole is likened to the flow
of positive charge.
It is found experimentally that an external field af-
fects the flow of holes. It has also been found that by-
using germanium and impurities, instead of silicon as de-
scribed above, and a large forward current, there is an in-
crease in concentration of holes in the area of the point
contact. These holes spread away from the point, flowing
in all directions along the surface but do not penetrate in-
to the material.
A second point (the collector) is placed into this area




The negative bias applied to the collector causes a very
small current to flow from the germanium in the absence of
hole conduction produced by the emitter. When the positive
bias is applied to the input, however, holes are attracted to
the output point contact, which is biased negatively, and
these are absorbed, thus increasing the current in the output
circuit. Variations in the input current change the number of
3

holes released toward the collector and thus vary the out-
put current proportionately.
If the transistor be considered as a "black box"-^ with
two input and two output terminals, then for small signal use
(linear problems) there are two possible equivalent circuits
for the transistor. One is a T of resistors, each of which
is associated with one of the transistor leads, and a voltage
generator whose ratio to the emitter current is also of the






Fig. 2. Equivalent T network for describing transistor
small signal performance. (Voltage version.)
The other is obtained by converting the series voltage gener-
ator to an equivalent shunt generator whose ratio to emitter
current is a dimensionless constant "a". This dimensionless
constant is the current amplification factor and is described
by the equation
c)Xe J V^ consta-nt
The actual value of "a" depends upon the bias.
Fig. 3. Current version of equivalent T network.
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Using this black box approach, the physics of the trans-
istor may be ignored and an analogy made with the conventional
triode tube. The emitter is analogous to the cathode, the
base to the grid and the collector to the plate. There is one
difference that may be useful. It is that one of the T resist-
ors, in the equivalent circuit, acts as a positive feedback
element depending on which of the three amplifier circuits are
used.
In the circuit where the base is grounded, the behavior
is similar to the grounded-grid triode since (1) there is no
phase reversal between the input and output of the transistor,
(2) the input impedance is low (of order of 500 ohms),^ while
output is high (30,000 ohms).^ The differences are; (1) the
quantity "a", the current amplification factor, which for the
transistor, may be considerably greater than unity while the
analogous quantity for the triode is close to unity for usual
conditions, (2) the base resistance provides positive feedback
hence the circuit tends toward oscillation.
If the collector is grounded, the circuit is analogous to
a cathode follower and can be used as an impedance matching de-
vice for high-to-low since the input impedance is of order of
20,000 ohms and output 500 ohms. If the emitter is grounded,
the circuit behavior is similar to a grounded- cathode amplifier
and the stage provides a change in signal polarity in contrast
to no change in polarity in the grounded base case. Also, in
this circuit, the base resistance is usually negligible in con-
trast to the pronounced effect on reverse transmission of the

grounded base amplifier and hence the role of feedback element
is taken over by the emitter resistance. The input impedance
is of the order of 5,000 ohms while output impedance is 10,000
ohms.
The analogies are fairly close when "a" - 1 but as "a"
becomes greater than 1 the analogy becomes less close.
In conventional vacuum tubes, the tubes are described in
terms of admittance while the transistor lends itself to an
impedance basis. This is so because in the case of a triode,
the voltages on the grid and plate are usually taken as inde-
pendent variables while the grid and plate currents are taken
as functions of the voltages. It becomes natural to measure
tubes with regulated power supplies having low impedance to
keep the voltages constant and hence one is led to describe
tubes in terms of admittance.
The trouble with this scheme for transistors is that many
of them oscillate when connected to low impedances," i .e. , many
transistors are short-circuit unstable. To avoid this diffi-
culty it is convenient to measure with high impedances in the
leads; the analytical counterpart is to regard the currents as
independent variables leading naturally to a description of
the transistor in terms of impedances.

CHAPTER II
1, Transistor Blocking Oscillator.
In the PRC-13 Modulator {Marine Corps Mobile Pack Unit),
a sawtooth wave whose frequency is 8Kc is modulated by a 3Kc
audio wave and the resultant is applied to the grid of a 6bF7
blocking oscillator tube, Fig. 4. The 6BF7 tube is held cut
off by a d. c. bias. When the modulated sawtooth reaches a
certain value determined by the d. c. bias, the tube conducts
and an output pulse is obtained. The position of the pulse
in the time axis is determined by the modulating audio wave
since it raises or lowers the sawtooth level and hence the
tube respectively conducts earlier or later in time giving
pulse position modulation.
The advantage of small size, ruggedness, no filament
power, less heat dissipation and long life expectancy gave
impetus to the investigation and development of a transistor
blocking oscillator circuit.
Blocking oscillators, using conventional grcunded-cathode
triode vacuum tubes, are transformer coupled feedback oscil-
lators in which plate current is permitted to flow for one-
half cycle after which cutoff bias is imposed on the grid to
prevent further oscillations.
In the grounded base case of transistor operation the
transistor is a crystal triode, acts as follows; when the
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voltages, the transistor is not cutoff but the emitter does
lose control. The collector current still flows but it is
no longer a function of the emitter voltage. This is shown
in curves plotted for a transistor amplifier (Fig. 5).
Using the analogy previously mentioned, a grounded emitter
transistor blocking oscillator is shown in Pig. 6. The input
impedance of the pulse transformer is 10,000 ohms while the
output impedance of the transistor is of the order of 10,000
ohms thus giving an impedance match. The polarities on the
transformer are as shown since 180* phase shift is desired to
compensate for the 180* phase shift occuring in the transistor
so that positive feedback to the base is obtained.
After various adjustments, a pulse output { collector-to-
ground) was observed on the RCA Mod. 715 Oscilloscope which has
a 10 megacycle pass band. It was 3 volts peak-to-peak as measur-
ed by the calibrator on the scope and was 3 microseconds wide
at the peak. The rise time was one-half microsecond and the
free-running PRF was 13 Kc. However the circuit caused easy
burn out of the crystal due to momentary overloads.
The circuit shown in Fig. 7 also produced an output pulse
and it showed no signs of easy burn out since very low biasing
voltages were used. The feedback goes to the emitter instead
of the base and since the emitter is equivalent to the cathode
and base to the grid, the transformer polarity is as shown.
The output pulse { collector-to-ground) was 2.8 volts peak-to-
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time was 1 microsecond; the emitter voltage was -0.9 volts
d.c. and the collector voltage -5.4 volts d.c. as measured
with a Simpson 260 meter. The PRF was obtained by beating
the output signal with a Hewlett-Packard audio oscillator.
Waveforms for the base, emitter, collector and pin 2 of the
transformer are shown in Fig. 8.
The effect of varying the capacitor, C, on the PRF and
the emitter voltage is shown in Fig. 9. Increasing C, in-
creases the time constant and hence decreases the PRF. It
should be noted that the emitter voltage is very critical.
When E « -0,3 volts d.c. no oscillations are present and
increasing E slightly caused oscillations to start. E
jumped to -0.9 volts with E (collector voltage) remaining
constant at -5.4 volts as did the base-to-ground voltage at
0.35 volts.
The explanation of the operation appears to be as follows:
initially the transistor is carrying a small steady-state cur-
rent. Some internal change causes the emitter to go slightly
positive with respect to the base. The sudden current flow
resulting in the collector circuit causes the transformer
voltage to build up rapidly with positive polarity at points
indicated by dots on the schematic drawing. The positive pulse
in the secondary is fed back regeneratively to the emitter
through the capacitor. Due to the short-circuit instability
of the transistor, a new value of collector current is approach-
ed. It increases until some time, T, when because of satura-







current no longer produces a regenerative effect. The col-
lapsing field generates a secondary voltage of opposite
polarity which cuts off the transistor or returns it to the
small steady-state current. The emitter potential then rises
exponentially towards the quiescent value.
An item of interest is that although the transistor used
in this circuit was observed to have characteristics to make
it a poor amplifier, the circuit can be made to function be-
cause the transistor exhibits short-circuit instability for
low collector voltages.
Another transistor was placed in the circuit and was made
to operate. However it fired when E reached -1.3 volts and
then jumped to -1.85 volts while E remained constant at -7.6
volts. The free running PRF was 11 Kc. Photographs were taken
of emitter, collector, pin 2 of transformer and base voltages
{Fig. 10). Two exposures on each picture are shown.
This blocking oscillator circuit can be driven by a nega-
tive input pulse to the base through a .002 micro-farads con-
denser up to 20 Kc. (Fig. 11). The values of the components
for optimum performance were:
Emitter Resistance = 2300 ohms
» .004 microfarads
Trigger Pulse 0.5 microseconds wide, 1 volt rms
PRF = 10 Kc.
When E reached -0.35 volts oscillations occurred and E
e ®
jumped to -.85 volts with E remaining constant at -4.6 volts
15

PHOTOGRAPHS OF TRANSISTOR BLOCKLING OSCILLATOR WAVEFORIV^S
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and base voltage at .35 volts. The effect of increasing C
was to increase the pulse width while decreasing the emitter
resistance made the trailing edge of the output pulse less
steep.
To reproduce the operating conditions of the blocking
oscillator in the PRC-13 Modulator, a negative sawtooth gener-
ator was used as in Fig. 12, An input pulse of 25 micro-
seconds with a period of 125 microseconds was used to obtain
a sawtooth frequency of 8 Kc. Cathode degeneration was used
in the phase inverter stage so as to obtain loss in amplitude
since a low output voltage was required. Waveforms were ob-
tained as shown in Fig. I3.
The transistor fired or pulsed when the sawtooth reached
1.2 volts. V/hen the slope of the sawtooth was varied the
position of the output pulse moved in the horizontal axis; as
slope was made steeper the output pulse moved to the left.
It was again noted that the bias voltage on the emitter was
very critical.
2, Oscillators.
As previously mentioned, an impedance in the common lead
causes positive rather than negative feedback. Thus by putting
an LC circuit in the base lead, the circuit will oscillate.
The audio frequency behavior of the transistor is describ-
ed by the experimentally obtained characteristic curves illus-
trated in Fig. 14 if its input and output voltages and currents
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For small increments of voltage and current {small signal
operation), the incremental operation of the transistor aa^iy be
expressed by any of a number of equation pairs. The following
pair is convenient for this analysis:
The values of E
,
R„„, E^„ and E„ In Eq. (1) and Eg. (2)
e cs e c c
for a given region of operation may be determined from the
characteristic curves and from more direct measurements, using


















Eq. (3) through Eq. (6) and the characteristic curves, in the
normal operating range of a transistor are R^ " I4OO, R^ »
33,000, R » 700 and R - 77,000 ohms. These values are
similar to those shown for transistors in the j3STJ , July 1949,




Consider the transistor connected in the circuit shown
below:
Fig. 15 Basic Oscillator Circuit.
The batteries B, and Bg are of such voltage that they cause the
transistor to operate in the desired region of Fig. 14.
The two incremental mesh equations for the circuit of
Fig. 15 are written by inspection as follows:
(^0 * \) ^e * (22 * R^ * Z^) I^ (8)
In order that these two equations have a solution other
than a trivial one of I » I « 0, the determinants of the
equation must equal zero. Hence,
R.« * Z,, (9)
»
and
(z. (Keo * h^ '»ce *2b) UO)
'Zl Re> - (^2 E„)
(11)
If stable oscillations are to occur, eq. (11) must be
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satisfied at the desired real frequency and at no other point
in the complex frequency plane.
The circuit of Fig. 16 is one circuit suggested by Eq.
(11) which when tried gave stable oscillations. It appeared
to provide the most satisfactory operation. The circuit oscil-
lates at the parallel resonant frequency of the tuned circuit,
i.e., the frequency at which the circuit appears as a pure re-
sistance of magnitude approximately given by CUL a.
The sizes of R, and R2 ^^^ ^^"^ critical over a wide range
since the transistor limits (in a manner similar to vacuum tube;^
the oscillation amplitude oy means of nonlinearities, which ad-
just the values of R
,
R^^, R ^ and R^.
«J c* ce' ec c
Caution should be observed in making R^^ or R2 too small or
in letting the DC resistance of the parallel resonant circuit
become too great; otherwise the transistor will become DC un-
stable and be damaged by excessive currents.
When the values of R, » 2500 and R^ - 5000 ohms are sub-
stituted in Eq. (11), a value of 2,600 ohms is obtained for Z^.
This value of Z, , or greater, is readily obtainable by a parallel
resonant circuit which has reasonable values of Q, and L/C.
Q - ^o ^s or R, = "^o ^s (12)




The variable inductance in this circuit had a ^ of approximately
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may be easily made much smaller than 2600 ohms so that DC
stability is assured. The variation of frequency and audio
output with DC supply voltage is shown in Fig. 17.
A circuit capable of oscillating up to 5 megacycles is
shown in Fig. 18. The coil inductance was 5 microhenries at
3,95 megacycles and it resonated on the Q, meter with 380
micromicrofarads. The peak-to-peak value of the output was
5 volts rms on the RCA 10 megacycle scope. Oscillations occur-
red when emitter battery voltage was 1,4 volts and C was 380
micromicrofarads. When additional capacity was added (up to
1000 micromicrofarads), the circuit still oscillated but the
emitter voltage had to be decreased.
The inductance was tapped so as to match the input im-
pedance of the transistor which was approximately 500 ohms.
It was noted that the frequency of oscillation was a function
of both the emitter and collector voltages as well as the
capacitor.
3. High Frequency Amplifier.
One of the limitations of the transistor is its high fre-
quency response. Becker and Shive ' showed that useful trans-
istor performance is limited to frequencies below about ten
megacycles. The comparative ease of measurement of the current
amplification factor "a", since it is a ratio of two alternat-
ing currents, causes it to be studied in detail. (See Fig. 19).
Approximate measurements of the individual elements of the





constant up to at least ten megacycles. However Z changes
with frequency and causes the current amplification factor
to drop off at approximately one megacycle. This variation
of Z^ with frequency can be attributed to a transit-time
dispersion associated with the interaction between emitter
and collector currents.
In support of this, an attempt was made to measure input,
output and emitter-to-collector capacities of a transistor
amplifier. In each case the capacity was less than one micro-
microfarad. This would indicate that the falling off of gain
at high frequencies is primarily due to the physics of the
transistor.
The basic action by which a transistor amplifies is as
follows: The collector is operated at a high negative volt-
age, i.e., 10 to 50 volts. Most of this potential drop takes
place within a very small region around the collector contact,
by reason of the barrier layer which impedes the flow of
electrons from metal to the semiconductor. Holes are injected
at the emitter at a low voltage (0.03 to 0.3 volt) and under
the influence of the field due to collector current move to
the collector, where they lower the barrier layer height,
causing an increase of collector current.
It becomes apparent that the transit time between the
emitter and collector will be controlled by the internal
field strength in the crystal. Since the collector current
is large compared to the emitter current, the field strength
will largely be a function of the resistivity of the germanium
30





where T « transit time, S - spacing, U, = hole mobility,/* «
resistivity and I = collector current. An examination of the
geometry of the type -A transistor shows that since all holes
do not flow over paths of the same length, a dispersion in
transit time results in a diffuse transit angle. This has
the result of reducing the average value of collector modula-
tion and is the primary cause for loss of high-frequency re-
sponse.
From the equation above, it is seen that the most import-
ant element in determining frequency response of type A trans-
istor is the spacing since it appears as a cubic function.
The spacings are taken from center to center of the electrodes,
which are approximately one mil in diameter. Spacings less
than 2.5 mils are not usable in the present design of transis-
tors and it is evident that high-frequency operations require
the use of minimum practical separations.
Since the internal field strength, accelerating the holes
from the emitter to the collector, is proportional to collector
current it would appear desirable to use the highest practical
collector current. It has been found experimentally that
currents of about 5 mils are the maximum values that can be




A variable in the transit-time equation that has not
been well controlled in presently manufactured transistors
is the bulk resistivity, / ,
From the foregoing discussion, it is seen that the re-
quirements for a high-gain, high-frequency transistor are
small emitter-collector spacings, small contact areas, high
bulk resistivity and operation at the highest practical col-
lector current.
Q
A recently discovered method-^ of extending the high fre-
quency range consists of applying a magnetic bias of the proper
sign at right angles to the plane of the collector and emitter.
This field acts in such a manner as to beam the emitter and
collector currents along a more direct path. Yi/hile it does re-
duce the transit time, it also reduces the transit angle dis-
persion and thus increases the frequency range.
It has been found that transistors having wide spacings
show larger increases in "a" than those with small spacings.
Also transistors having small contact areas show higher values
of "a" when magnetically biased. Thus the magnetic bias not
only increases "a" at high frequencies but also decreases the
variation between transistors.
The circuit representation of the transistor at high
frequencies can be obtained using a three-terminal network
having one generator as shown in Fig. 20, where Z^ is the
input resistance, Z, the coupling resistance and Z^ the col-
lector resistance. C is the barrier-layer capacitance (less
than 1 micromicrofarad) and C the emitter-collector contact
32

capacitance (1 micromicrofarad) . The generator current may
be represented by i^^, a^, ^^, 2^, where i^ is the a.c. input
current, a^ the short-circuit current gain at frequency f,




Fig. 20. Three terminal representation of transistor
at high frequencies.
It is evident that the input impedance will depend large-
ly on the load current through Z, . At low frequencies this
current is opposed to the input current i, , and acts as positive
feedback. At higher frequencies the phase shift in "a" causes
the input impedance to become complex and at very high fre-
quencies phase shifts of nearly 180 degrees will increase the
input impedance. It should be remembered that complex load
impedances obtained when tuned collector circuits are used will
alter this condition. The collector impedance likewise can
vary greatly due to feedback. At low frequencies this positive
feedback characteristic of a transistor reduces the collector
impedance but at higher frequencies it becomes dependent on the
input impedance which may be complex if tuned inputs are used.
The coupling resistance Z, does not change much with frequency
but it is a function of both emitter and collector current.
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From the foregoing, it is apparent that care must be
taken at low frequencies to insure sufficiently high input
and output impedances to reduce the positive feedback. Much
of the lack of d-c stability can be traced to inadequate
coupling impedances. It is desirable to have both input and
output impedance high at all frequencies both in and outside
the amplifier passband; but some compromises must be in order
to obtain sufficient gain.
Fig. 21 shows the circuit diagram for a 23-mc amplifier
used for testing high frequency response of transistors. It
is a grounded-base circuit which is analogous to the grounded-
grid triode behavior described previously. Shunt feed of both
emitter and collector currents is used to insure high d-c stabil-
ity. Since the emitter current is only 0.4 nia, it is possible
to use a high value of emitter bias coupling resistance without
unduly high bias voltage. In the collector network, L^, C^^,
Lp, Cp constitute a band pass whose impedance is high at fre-
quencies in the pass-band and also remote from the pass-band.
There are minima however on both sides, and some difficulty
may be encountered if overall phase shifts are such as to satis-
fy the conditions for oscillation.
Transistor amplifiers should always be designed for high
impedance outputs, tapping the diode down on L^ to meet the
requirements for diode load resistor matching. Since the emit-
ter is a current-fed element, the input impedance must be kept
low at the frequency of amplification and high at all others.
This can be satisfied in most cases with a series tuned input
34
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network if necessary to prevent oscillation at frequencies
outside the pass-band.
Fig. 22 shows the frequency response of the amplifier.
The input impedance is approximately 1,000 ohms at 23 mc.
The output impedance of ^2^2 ^^ 16,000 ohms, thus the gain
between 1,000 ohm input and output would be 8. This results
in a gain bandwidth of 8,8 mc. since the bandwidth is 1.1 mc.
as obtained from frequency response curve. The small magnet
used here gives a field strength of 16,000 lines per square
inch. Slightly higher gain could have been attained if more
field strength were available.
The stability with time is very good. No changes in gain
of more than 5 percent occurred for any given transistor over
a period of several weeks of operation. The emitter voltages
are not critical and can be varied 30 percent with little
change in gain. The collector voltage controls the gain by
varying the collector current and hence this voltage must be
regulated to the same extent to which it is desired to hold
the gain. This shows that a. v. c.in this type of amplifier may






The advantages of transistors over vacuum tubes in-
clude their extreme simplicity, ruggedness, small size, low
supply voltages, absence of filament power supply with re-
sultant less heat dissipation, economy of power and long
life expectancy. The disadvantages are poor quality control
at the present time, low power capabilities, short circuit
instability which is advantageous in oscillators, low fre-
quency response, high noise and the critical value of emitter
voltage in the blocking oscillator circuit.
Manufacturing techniques are improving and should conquer
the quality control problem while the development of techniques
to increase the upper frequency limit have been shown to indi-
cate the elimination of this linaitation. The major drawback
which limits the usefulness of the transistor is its inability
to handle power exceeding a fraction of a watt. It is hoped
that those working on the development of the transistor will
find ways to improve its power handling capacity.
The results of this investigation show that it is possi-
ble to build blocking oscillator circuits using transistors of
current manufacture. To achieve maximum reliability, however,
it is necessary to select carefully only the units with favor-
able characteristics. Then each circuit must be fitted to the
individual transistor. A great source of trouble in this in-
vestigation was due to the inability to determine the char-
38

acteristics of the transistor, i.e., whether it would operate
as an oscillator, amplifier, etc. The transistor that worked
as a blocking oscillator showed poor amplifying characteristics.
The transistor, like the vacuum tube, was first conceived
in the communications industry and like the vacuum tube, its
application to fields outside the communications industry may
be anticipated. For these applications two characteristics
stand out and seem to provide the possibility of performance
not inherent in the vacuum tube. First, the transistor should
have an indefinitely long life because it has no heated cathode;
and second, it is possible to make the transistor mechanically
rugged. The Signal Corps Labs have shown in shock tests of up
to 10,000 g's that the point contacts of the transistor will
withstand this force without mechanical injury.
There are many commercial applications for a device posses-
ing the characteristics of a vacuum tube which the vacuum tube,
as it exists today, does not satisfy simply because it has a
filament or heater which is subject to burnout. An example of
this is certain types of switchgear used in the distribution
of electric power. Tubes are not used because reliability is
of prime importance.
The transistor is currently being tested in some commercial
lines of the Bell System but data is not available to the gen-
eral public. Its use in counters is currently under develop-
ment for the military forces. The possibility for military
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